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
7KHVSHFWUXPDQGFOLQLFDOLPSDFWRIHSLJHQHWLFPRGLILHUPXWDWLRQV
LQP\HORPD

5XQQLQJWLWOH(SLJHQHWLFPRGLILHUPXWDWLRQVLQP\HORPD
$XWKRUV 
&KDUORWWH 3DZO\Q 0DUWLQ ) .DLVHU &KULVWRSK +HXFN /RUHQ]R 0HOFKRU &KULVWRSKHU 3
:DUGHOO $OH[ 0XULVRQ 6KZHWD &KDYDQ 'DYLG & -RKQVRQ 'LO %HJXP 1DVULQ 'DKLU
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6WDWHV
&OLQLFDO 7ULDOV 5HVHDUFK 8QLW /HHGV ,QVWLWXWH RI &OLQLFDO 7ULDOV 5HVHDUFK 8QLYHUVLW\ RI
/HHGV/HHGV8QLWHG.LQJGRP
8QLYHUVLW\RI/HHGV/HHGV8QLWHG.LQJGRP
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
&XUUHQWDGGUHVV&HQWUH IRU0ROHFXODU3DWKRORJ\7KH5R\DO0DUVGHQ1+6)RXQGDWLRQ7UXVW/RQGRQ8QLWHG
.LQJGRP
&XUUHQWDGGUHVV/DERUDWRU\IRU*HQRPH6HTXHQFLQJ$QDO\VLV5,.(1&HQWHUIRU,QWHJUDWLYH0HGLFDO6FLHQFHV
7RN\R-DSDQ
.H\ZRUGV
P\HORPDZKROHH[RPHVHTXHQFLQJHSLJHQHWLFPRGLILHUV
&RUUHVSRQGLQJDXWKRU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
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• 0\HORPD ,QVWLWXWH IRU 5HVHDUFK DQG 7KHUDS\ 8QLYHUVLW\ RI $UNDQVDV IRU 0HGLFDO
6FLHQFHV:HVW0DUNKDP/LWWOH5RFN$UNDQVDV8QLWHG6WDWHV
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7HOHSKRQH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&RQIOLFWRI,QWHUHVW6WDWHPHQW
7KHDXWKRUVGHFODUHQRUHOHYDQWFRQIOLFWRILQWHUHVW


 Translational relevance 

0\HORPD LV D KHWHURJHQHRXV PDOLJQDQF\ ZLWK GLVHDVH LQ GLIIHUHQW VXEJURXSV RI
SDWLHQWV GULYHQ E\ DEQRUPDOLWLHV LQ PXOWLSOH JHQHV DQGRU PROHFXODU SDWKZD\V
7UHDWPHQW RSWLRQV DQG RXWFRPHV KDYH LPSURYHG RYHU WKH ODVW GHFDGH EXW QRYHO
DSSURDFKHVDUHVWLOOUHTXLUHG,QWKLVDUWLFOHZHXVHZKROHH[RPHVHTXHQFLQJUHVXOWV
IURP  SUHVHQWLQJ FDVHV HQWHUHG LQWR WKH 8. 0\HORPD ;, VWXG\ DQG WDUJHWHG
VHTXHQFLQJ RI  SUHYLRXVO\ WUHDWHG FDVHV WR UHSRUW WKH ZLGH VSHFWUXP RI
PXWDWLRQVLQJHQHVHQFRGLQJHSLJHQHWLFPRGLILHUVLQP\HORPD8VLQJOLQNHGVXUYLYDO
GDWDIURPWKHODUJH0\HORPD;,VWXG\ZHLGHQWLI\ OHVLRQVWKDWPD\KDYHSURJQRVWLF
VLJQLILFDQFH LQ KDM6A DQG JHQHV HQFRGLQJ '1$ PRGLILHUV  :H GHPRQVWUDWH DQ
LQFUHDVH LQ WKH IUHTXHQF\ RI HSLJHQHWLF PRGLILHU PXWDWLRQV RI FHUWDLQ FODVVHV DV
GLVHDVHSURJUHVVHV 2XUDQDO\VLV LVSDUWLFXODUO\ LPSRUWDQWDVQXPHURXVPXWDWLRQV
LGHQWLILHGVXJJHVWSRWHQWLDOWDUJHWHGWUHDWPHQWVWUDWHJLHVZLWKDJHQWVHLWKHUFXUUHQWO\
DYDLODEOHRUNQRZQWREHLQGHYHORSPHQWKLJKOLJKWLQJQRYHOWUHDWPHQWDSSURDFKHVIRU
SDWLHQWV
  


Abstract 

3XUSRVH (SLJHQHWLF G\VUHJXODWLRQ LV NQRZQ WR EH DQ LPSRUWDQW FRQWULEXWRU WR
P\HORPDSDWKRJHQHVLVEXWXQOLNHLQRWKHU%FHOOPDOLJQDQFLHV WKHIXOOVSHFWUXPRI
VRPDWLF PXWDWLRQV LQ HSLJHQHWLF PRGLILHUV KDV QRW EHHQ SUHYLRXVO\ UHSRUWHG :H
VRXJKWWRDGGUHVVWKLVXVLQJUHVXOWVIURPZKROHH[RPHVHTXHQFLQJLQWKHFRQWH[WRI
DODUJHSURVSHFWLYHFOLQLFDOWULDORIQHZO\GLDJQRVHGSDWLHQWVDQGWDUJHWHGVHTXHQFLQJ
LQDFRKRUWRISUHYLRXVO\WUHDWHGSDWLHQWVIRUFRPSDULVRQ
([SHULPHQWDO 'HVLJQ  :KROHH[RPH VHTXHQFLQJ DQDO\VLV RI  SUHVHQWLQJ
P\HORPDFDVHVHQWHUHGLQWKH8.1&5,0\HORPD;,VWXG\DQGWDUJHWHGVHTXHQFLQJ
DQDO\VLVRISUHYLRXVO\WUHDWHGFDVHVIURPWKH8QLYHUVLW\RI$UNDQVDVIRU0HGLFDO
6FLHQFHV  :H FRUUHODWHG WKH SUHVHQFH RI PXWDWLRQV ZLWK FOLQLFDO RXWFRPH IURP
GLDJQRVLV DQG FRPSDUHG WKH PXWDWLRQV IRXQG DW GLDJQRVLV ZLWK ODWHU VWDJHV RI
GLVHDVH
5HVXOWV,QGLDJQRVWLFP\HORPDSDWLHQWVDPSOHVZHLGHQWLI\VLJQLILFDQWPXWDWLRQVLQ
JHQHV HQFRGLQJ WKH KLVWRQH  OLQNHU SURWHLQ SUHYLRXVO\ LGHQWLILHG LQ RWKHU %FHOO
PDOLJQDQFLHV2XUGDWDVXJJHVWDQDGYHUVHSURJQRVWLFLPSDFWIURPWKHSUHVHQFHRI
OHVLRQVLQJHQHVHQFRGLQJ'1$PHWK\ODWLRQPRGLILHUVDQGWKHKLVWRQHGHPHWK\ODVH
KDM6A/UTX  7KH IUHTXHQF\ RI PXWDWLRQV LQ HSLJHQHWLF PRGLILHUV DSSHDUV WR
LQFUHDVH IROORZLQJ WUHDWPHQW PRVW QRWDEO\ LQ JHQHV HQFRGLQJ KLVWRQH
PHWK\OWUDQVIHUDVHVDQG'1$PHWK\ODWLRQPRGLILHUV
&RQFOXVLRQV 1XPHURXV PXWDWLRQV LGHQWLILHG UDLVH WKH SRVVLELOLW\ RI WDUJHWHG
WUHDWPHQWVWUDWHJLHVIRUSDWLHQWVHLWKHUDWGLDJQRVLVRUUHODSVHVXSSRUWLQJWKHXVHRI
VHTXHQFLQJEDVHGGLDJQRVWLFVLQP\HORPDWRKHOSJXLGHWKHUDS\DVPRUHHSLJHQHWLF
WDUJHWHGDJHQWVEHFRPHDYDLODEOH


Introduction 

0\HORPDLVDPDOLJQDQF\RISODVPDFHOOVWHUPLQDOO\GLIIHUHQWLDWHG%FHOOVLQYROYHGLQ
WKH LPPXQH UHVSRQVH  'HVSLWH DGYDQFHV LQ WKHUDS\ RYHU WKH ODVW  \HDUV
VXEJURXSVRISDWLHQWVGLDJQRVHGZLWKP\HORPDFRQWLQXHWRKDYHSRRURXWFRPHVDQG
PRVW LQHYLWDEO\ UHODSVH  $ EHWWHU XQGHUVWDQGLQJ RI WKH JHQHWLF DQG HSLJHQHWLF
DEQRUPDOLWLHVWKDWFRQWULEXWHWRGLVHDVHSDWKRJHQHVLVLVUHTXLUHGLQRUGHUWRGHYHORS
QHZWDUJHWHGWUHDWPHQWVWUDWHJLHV
7KH P\HORPD FORQH LV WKRXJKW WR EH LPPRUWDOLVHG IROORZLQJ WKH DFTXLVLWLRQ RI D
WUDQVORFDWLRQ LQWR WKH LPPXQRJOREXOLQ KHDY\ FKDLQ ORFXV W W W
WDQGWRUK\SHUGLSORLG\7KHFORQHWKHQHYROYHVYLDWKHVXEVHTXHQW
JDLQRIIXUWKHUJHQHWLFRUHSLJHQHWLFHYHQWV(SLJHQHWLFG\VUHJXODWLRQLVNQRZQWR
EHDQLPSRUWDQWFRQWULEXWRUWRP\HORPDSURJUHVVLRQEXWWKHIXOOH[WHQWRILWVUROHLQ
WKHSDWKRJHQHVLVRIGLVHDVHDQGKLJKULVNEHKDYLRXULVXQFHUWDLQ$NH\H[DPSOH
RI WKH UHOHYDQFH DQG UROH RI HSLJHQHWLF GHUHJXODWLRQ LQ P\HORPD FRPHV IURP RXU
XQGHUVWDQGLQJ RI WKH VXEJURXS RI SDWLHQWV ZLWK WKH W ZKLFK UHVXOWV LQ WKH
MX[WDSRVLWLRQRIMMSETD+.PHWK\OWUDQVIHUDVH WR WKH LPPXQRJOREXOLQKHDY\
FKDLQ ORFXVHQKDQFHU 7KHUHVXOWLQJRYHUH[SUHVVLRQRI006(7 OHDGV WRDKLVWRQH
PHWK\ODWLRQ SDWWHUQ FKDUDFWHULVHG E\ LQFUHDVHG +.PH DQG GHFUHDVHG
+.PH DORQJ ZLWK D GLVWLQFW DQG DEHUUDQW '1$ PHWK\ODWLRQ SDWWHUQ
'RZQVWUHDPHYHQWVRFFXUULQJDVD UHVXOW RI WKLVSULPDU\HYHQW LQFOXGH FKDQJHV LQ
H[SUHVVLRQ RI JHQHV LQYROYHG LQ WKH FHOO F\FOH DSRSWRVLV DQG FHOO DGKHVLRQ
3DWLHQWVFDUU\LQJWKHWDURXQGRIP\HORPDFDVHVDWFOLQLFDOGLDJQRVLV
WHQGWRUHVSRQGWRWUHDWPHQWEXWUHODSVHHDUO\DQGKDYHDVKRUWHURYHUDOOVXUYLYDO


WKRXJK VLQFH WKH XVH RI SURWHDVRPH LQKLELWLRQ WKHUH LV HYLGHQFH WKDW WKLV SRRU
SURJQRVLVLVDPHOLRUDWHG
7KHLPSDFWRIPXWDWLRQRQHSLJHQHWLFPRGLILHUVLQP\HORPDKDVDOVREHHQUHSRUWHG
ZLWKLQDFWLYDWLRQRIWKHKLVWRQHGHPHWK\ODVHKDM6A/UTX, VHHQLQRIVDPSOHV
 DQG PXWDWLRQV DIIHFWLQJ WKH KLVWRQH PHWK\OWUDQVIHUDVH MLL WKH EHVW
GRFXPHQWHG  7KH UHFRJQLWLRQ RI PXWDWLRQV LQ MLL IROORZHG WKH ILUVW VHTXHQFLQJ
VWXG\RIP\HORPDSDWLHQWVZKHUHH[SUHVVLRQRIWKHKRPHRER[SURWHLQ+2;$ZDV
VXJJHVWHG WR EH UHJXODWHG E\ MLL.(11)  0RUH UHFHQWO\ DQ DFWLYDWLQJ PXWDWLRQ RI
MMSET DW (. ZDV IRXQG LQ WKH 006 P\HORPD FHOO OLQH ZLWK WKH VDPH
GRZQVWUHDPHIIHFWDVMMSETRYHUH[SUHVVLRQGXHWRWKHW
%DVHG RQ WKHVH FRQVLGHUDWLRQV ZH VRXJKW WR LQYHVWLJDWH WKH UROH RI PXWDWLRQV LQ
HSLJHQHWLFPRGLILHUVLQP\HORPDDQGKRZVXFKPXWDWLRQVPLJKWFRQWULEXWHWRGLVHDVH
SDWKRJHQHVLV :H XVHG ZKROH H[RPH VHTXHQFLQJ WR H[DPLQH WKH VSHFWUXP RI
PXWDWLRQV LQ HSLJHQHWLF PRGLILHUV LQ D VHULHV RI  QHZO\ GLDJQRVHG SDWLHQWV
XQLIRUPO\ WUHDWHG DV SDUW RI WKH 8. 1&5, 0\HORPD ;, FOLQLFDO WULDO 0\;, DQG
GHVFULEHWKHFOLQLFDOLPSOLFDWLRQRIPXWDWLRQVLQWHUPVRIWKHLUHIIHFWRQSURJUHVVLRQ
IUHHDQGRYHUDOOVXUYLYDO3UHYLRXVO\UHSRUWHGUHVXOWVIURPWKLVGDWDVHW LGHQWLILHG
VLJQLILFDQWO\ PXWDWHG JHQHV LQ P\HORPD D GLVWLQFW $32%(& VLJQDWXUH DVVRFLDWHG
ZLWK PDI WUDQVORFDWLRQV DQG WKH OLQN EHWZHHQ WKHVH IDFWRUV DQG SURJQRVLV 
+HUH ZH H[WHQG WKHVH DQDO\VHV ZLWK D IRFXV RQ KLJKOLJKWLQJ HSLJHQHWLF PXWDWLRQV
LPSRUWDQWLQWKHSDWKRJHQHVLVRIP\HORPDDQGFRPSDUHWKHIUHTXHQF\RIPXWDWLRQV
DW GLDJQRVLV WR ODWHU VWDJHV RI GLVHDVH XVLQJ D GDWDVHW IURP WKH 8QLYHUVLW\ RI
$UNDQVDVIRU0HGLFDO6FLHQFHV8$067KLVDQDO\VLVFRPSULVHVWKHODUJHVWVHULHV
RI QHZO\ GLDJQRVHG P\HORPD SDWLHQWV VHTXHQFHG WR GDWH DQG SURYLGHV LPSRUWDQW


LQVLJKWV LQWR WKH UROHRIHSLJHQHWLFV LQ WKHGLVHDVHDVZHOODVKLJKOLJKWLQJSRWHQWLDO
DYHQXHVIRUIXWXUHUHVHDUFKDQGWDUJHWHGWUHDWPHQWGHYHORSPHQW
Materials and Methods 

:KROHH[RPHVHTXHQFLQJDWGLDJQRVLV±0\HORPD;,
0HWKRGV XVHG IRU WKH DQDO\VLV RI SDWLHQW PDWHULDO KDYH EHHQ SUHYLRXVO\ SXEOLVKHG
EXWDUHVXPPDULVHGEHORZ
6DPSOHV ZHUH WDNHQ IROORZLQJ LQIRUPHG FRQVHQW DQG SULRU WR WUHDWPHQW
FRPPHQFHPHQWIURPSDWLHQWVQHZO\GLDJQRVHGZLWKV\PSWRPDWLFP\HORPDDQG
HQUROOHGLQWKH8.1&5,0\HORPD;,WULDO1&77KHVWXG\ZDVDSSURYHG
E\WKH1+6+HDOWK5HVHDUFK$XWKRULW\1DWLRQDO5HVHDUFK(WKLFV6HUYLFH&RPPLWWHH
DQGE\ ORFDO UHYLHZFRPPLWWHHVDWDOOSDUWLFLSDWLQJFHQWUHV 7KHVWXG\ UDQGRPLVHG
SDWLHQWVEHWZHHQ WULSOHW LPPXQRPRGXODWRU\GUXJ ,0L' LQGXFWLRQVZLWK WKDOLGRPLGH
YV OHQDOLGRPLGH SULRU WR VXEVHTXHQW UDQGRPLVDWLRQV FRPSDULQJ FRQVROLGDWLRQ DQG
PDLQWHQDQFH DSSURDFKHV  7KH GHPRJUDSKLFV RI WKH SDWLHQWV LQFOXGHG LQ WKLV
DQDO\VLVKDYHEHHQSXEOLVKHGDQGDUHUHSURGXFHGLQ6XSSOHPHQWDU\7DEOH
3URJUHVVLRQIUHH 3)6 DQG RYHUDOO VXUYLYDO 26 PHDVXUHG IURP LQLWLDO
UDQGRPLVDWLRQKDGPHGLDQIROORZXSRIPRQWKV&,>@7KHPHGLDQ
3)6ZDVPRQWKV&,>@DQGWKHPHGLDQ26ZDVQRWUHDFKHGEXW
WKH\HDU26ZDV&,>@
&' SODVPD FHOOV ZHUH LVRODWHG IURP ERQH PDUURZ FHOOV XVLQJ 0$&6RUWLQJ
0LOWHQ\L%LRWHFK%LVOH\8. O\VHG LQ5/7EXIIHUDQG'1$51$H[WUDFWHGXVLQJ
WKH $OO3UHS NLW 4LDJHQ 0DQFKHVWHU 8. :KLWH EORRG FHOOV ZHUH LVRODWHG IURP


SHULSKHUDO EORRG SXULILHG E\ )LFROO3DFTXH DQG '1$ H[WUDFWHG XVLQJ WKH 4,$DPS
'1$PLQLNLW4LDJHQ
'1$IURPERWKWXPRXUDQGSHULSKHUDOEORRGVDPSOHVZDVXVHGLQWKHH[RPHFDSWXUH
SURWRFRO51$EDLWVZHUHGHVLJQHGDJDLQVWWKHKXPDQH[RPHZLWKDGGLWLRQDO
FXVWRP EDLWV WLOLQJ WKH ,*+ ,*. ,*/ DQG 0<& ORFL WR GHWHFW WKH PDMRU
WUDQVORFDWLRQV )RXUH[RPHVDPSOHVZHUHSRROHGDQGUXQRQRQH ODQHRID+L6HT
,OOXPLQD+LQ[WRQ8.XVLQJESSDLUHGHQGUHDGV'DWDTXDOLW\DQGPHWULFV
SURFHVVLQJSURFHVVHVIRUVRPDWLFPXWDWLRQFDOOLQJDQGPROHFXODUDQGFRS\QXPEHU
DVVHVVPHQWVDUHGHVFULEHGIXOO\HOVHZKHUH

&RS\1XPEHU(VWLPDWLRQDQG&DQFHU&ORQDO)UDFWLRQ±0\HORPD;,
&RS\QXPEHUDFURVVWKHH[RPHZDVGHWHUPLQHGXVLQJ&RQWURO)5((&XWLOL]LQJ
ESELQVHDFKRYHUODSSLQJZLWKWKHVXEVHTXHQWDQGSUHYLRXVES$PLQLPXP
DYHUDJH UHDG GHSWK RI  ZDV UHTXLUHG LQ WKH FRQWURO VDPSOHV ZLWK DW OHDVW WZR
QHLJKERXULQJELQVUHTXLUHGWRVKRZ&1DEHUUDWLRQWRFDOODUHJLRQDVJDLQHGRUORVW
&RS\QXPEHUSURILOHV IRUDVHULHVRIFKURPRVRPDO UHJLRQVZHUHFRPSDUHGZLWK
FRS\ QXPEHU YDOXHV SUHYLRXVO\ HVWLPDWHG E\ PXOWLSOH[OLJDWHG SUREH DPSOLILFDWLRQ
WHVWV 7R HQVXUH D UHOLDEOH HVWLPDWLRQ RI FRS\ QXPEHU RQO\ FDVHV ZLWK DQ )
FRUUHODWLRQDERYHZHUHXVHGIRUVXEVHTXHQWDQDO\VHV
&DQFHU FORQDO IUDFWLRQ ZDV FDOFXODWHG  DV WKH SURSRUWLRQ RI WXPRXU FHOOV
FRQWDLQLQJDQ619XVLQJWKHHTXDWLRQ
ܥܥܨ ൌ  ሺ ?ǡ ܥܰǤ ݎܴ ሻ


:KHUH &&) FDQFHU FORQDO IUDFWLRQ SURSRUWLRQ RI FHOOV FRQWDLQLQJ WKH PXWDWLRQ
&1 FRS\QXPEHUDWWKDWVLWHU QXPEHURIUHDGVFRQWDLQLQJWKHPXWDWLRQDWWKDWVLWH
5 WRWDOQXPEHURIUHDGVDWWKDWVLWH
)XUWKHUGDWDDQDO\VLV±0\HORPD;,
/LVWV RI HSLJHQHWLF PRGLILHUV ZHUH FXUDWHG XVLQJ GDWDEDVH VHDUFKHV DQG SUHYLRXV
SXEOLFDWLRQV 6XSSOHPHQWDU\ 7DEOH  ZLWK JHQHV GLYLGHG LQWR HLJKW FODVVHV
&RUHOLQNHU KLVWRQHV Q  KLVWRQH GHPHWK\ODVHV Q  KLVWRQH
PHWK\OWUDQVIHUDVHV Q KLVWRQHGHDFHW\ODVHV Q KLVWRQHDFHW\OWUDQVIHUDVHV
Q  '1$ PRGLILHUV Q  UHDGHUV Q  DQG FKURPDWLQ DVVHPEO\UHPRGHOOLQJ
Q 7KHVHOLVWVZHUHXVHGWRLQWHUURJDWHWKHUHVXOWVRIWKHVHTXHQFLQJDQDO\VLVLQ
RUGHU WR FDOFXODWH WKH SHUFHQWDJH RI SDWLHQWV ZLWK D PXWDWLRQ LQ HDFK JHQH DQG LQ
HDFKFODVV
)RUDOOJHQHVPXWDWHG LQPRUH WKDQRISDWLHQWVPXWDWLRQVZHUHPDSSHG WR WKH
UHOHYDQWUHJLRQVRIWKHSURWHLQXVLQJ3URWHLQ3DLQWDQGWKH&DWDORJXHRI6RPDWLF
0XWDWLRQV LQ &DQFHU &260,& GDWDEDVH ZDV VHDUFKHG WR ORRN IRU SUHYLRXVO\
LGHQWLILHG YDULDQWV DW WKH VDPH DPLQR DFLG UHVLGXH LQ RWKHU WXPRXUV 0XOWLSOH
VHTXHQFHDOLJQPHQWRIKLVWRQHJHQHVZDVSHUIRUPHGE\LQSXWWLQJVHTXHQFHVIURP
)$67$ILOHVREWDLQHGIURPXQLSURWRUJLQWR&OXVWDO:0XWDWLRQVZHUHDQQRWDWHGLQ
*HQH'RF7KHOLNHO\HIIHFWRIPXWDWLRQVZDVDVVHVVHGXVLQJ6,)7DQDO\VLV
'HOHWLRQV LQKDM6AZHUH LGHQWLILHGXVLQJDQDOJRULWKP WRGHWHFWGHOHWLRQRIZKROH
H[RQV ZLQGRZV GHILQHG DV WKH UHJLRQV XVHG LQ WKH $JLOHQW H[RPH FDSWXUH  7KLV
ZDVGRQHE\ FRPSDULQJ WKH UHDGGHSWKEHWZHHQ WKH WXPRXUDQGQRUPDO VDPSOHV
7KHPHDQGHSWKDFURVVWKHZLQGRZZDVUHTXLUHGWREH!RIWKHPHGLDQGHSWKLQ
WKHQRUPDOVDPSOHDQGLQWKHWXPRXUVDPSOHZLWKWKHQRUPDOYDOXHEHLQJDW


OHDVW [ JUHDWHU WKDQ WKH WXPRXU YDOXH  3RVLWLYH ILQGLQJV XVLQJ WKLV PHWKRG ZHUH
FRQILUPHGRUH[FOXGHGIROORZLQJYLVXDOLVDWLRQLQ,QWHJUDWHG*HQRPH9LHZHU,*9
6XUYLYDO FXUYHV ZHUH SORWWHG .DSODQ0HLHU DQG WKH VWDWLVWLFDO VLJQLILFDQFH RI WKH
GLIIHUHQFHEHWZHHQFXUYHV WHVWHGXVLQJ WKH/RJUDQN WHVWZLWKP WDNHQDV WKH
OHYHORIVLJQLILFDQFH 0XOWLYDULDWHDQDO\VLVZDVSHUIRUPHGXVLQJ WKHFR[UHJUHVVLRQ
PRGHO LQSXWWLQJ WKH HSLJHQHWLF PXWDWLRQV ZLWK D VLJQLILFDQW LPSDFW RQ VXUYLYDO E\
XQLYDULDWH /RJUDQN VWDWLVWLF DQG RWKHU VWDQGDUG FOLQLFDO IDFWRUV NQRZQ WR LQIOXHQFH
VXUYLYDOLQP\HORPDSDWLHQWV
7DUJHWHGVHTXHQFLQJLQSUHYLRXVO\WUHDWHGSDWLHQWV±8$06
 SDWLHQWV ZKR KDG SUHYLRXVO\ XQGHUJRQH WUHDWPHQW KDG ERQH PDUURZ VDPSOHV
WDNHQ DQG JHQRPLF SURILOLQJ )RXQGDWLRQ2QH +HPH )RXQGDWLRQ 0HGLFLQH
SHUIRUPHGDVSDUWRIWKHLUGLVHDVHUHDVVHVVPHQWZRUNXS5HYLHZRIWKLVGDWDZDV
DSSURYHGE\WKH8$06LQVWLWXWLRQDOUHYLHZERDUG7KHGHPRJUDSKLFVRIWKHSDWLHQWV
LQFOXGHG LQ WKLV DQDO\VLV DUH VKRZQ 6XSSOHPHQWDU\ 7DEOH   &' FHOOV ZHUH
LVRODWHGIURPERQHPDUURZDVSLUDWHVDVSUHYLRXVO\ZLWK'1$DQG51$H[WUDFWHG
XVLQJWKH3XUHJHQHDQG51HDV\NLWV4LDJHQUHVSHFWLYHO\6DPSOHVZHUHVXEPLWWHG
WR D &/,$FHUWLILHG 1HZ <RUN 6WDWH DQG &$3DFFUHGLWHG ODERUDWRU\ )RXQGDWLRQ
0HGLFLQH &DPEULGJH 0$ IRU 1*6EDVHG JHQRPLF SURILOLQJ +\EULGL]DWLRQ FDSWXUH
ZDVDSSOLHG WRQJRIH[WUDFWHG'1$RU51$IRUFDQFHUUHODWHGJHQHVDQG
VHOHFW LQWURQLF UHJLRQV IURP  JHQHV )RXQGDWLRQ2QH +HPH '1$ RQO\ Q 
WDUJHWHG 51$VHT IRU UHDUUDQJHPHQW DQDO\VLV ZDV SHUIRUPHG IRU  JHQHV
IUHTXHQWO\ UHDUUDQJHG LQ FDQFHU 6HTXHQFLQJ RI FDSWXUHG OLEUDULHV ZDV SHUIRUPHG
,OOXPLQD +L6HT  WR D PHGLDQ H[RQ FRYHUDJH GHSWK RI ![ DQG UHVXOWDQW
VHTXHQFHVZHUHDQDO\]HGIRUEDVHVXEVWLWXWLRQVLQVHUWLRQVGHOHWLRQVFRS\QXPEHU


DOWHUDWLRQVIRFDODPSOLILFDWLRQVDQGKRPR]\JRXVGHOHWLRQVDQGVHOHFWJHQHIXVLRQV
DV SUHYLRXVO\ GHVFULEHG   7R PD[LPL]H PXWDWLRQGHWHFWLRQ DFFXUDF\
VHQVLWLYLW\ DQG VSHFLILFLW\ LQ LPSXUH FOLQLFDO VSHFLPHQV WKH WHVW ZDV SUHYLRXVO\
RSWLPL]HG DQG YDOLGDWHG WR GHWHFW EDVH VXEVWLWXWLRQV DW D  PXWDQW DOOHOH
IUHTXHQF\ 0$) DQG LQGHOV ZLWK D  0$) ZLWK  DFFXUDF\  7KH
PXWDWLRQV UHSRUWHG RQ WKH ) WHVW ZHUH DOO PDQXDOO\ LQGLYLGXDOO\ UHYLHZHG
0XWDWLRQVZHUHUHWDLQHGDQGLQFOXGHGLQWKHVXEVHTXHQWDQDO\VLVRQO\ LIHLWKHUWKH\
ZHUH FODVVLILHG E\ )RXQGDWLRQ 0HGLFLQH DV GHILQLWHO\ µNQRZQ¶ ZHUH IUDPHVKLIW
QRQVHQVH RU VSOLFHVLWH PXWDWLRQV RU LI D PXWDWLRQ DIIHFWLQJ WKH VDPH DPLQR DFLG
UHVLGXHKDGEHHQSUHYLRXVO\UHFRJQLVHG LQDQRWKHU WXPRXUGHWHUPLQHGE\DQDO\VLV
RI&DWDORJXHRI6RPDWLF0XWDWLRQV LQ&DQFHU &260,&GDWDVHWVGLUHFWO\ DQG
YLDYLVXDOLVDWLRQXVLQJWKH6W-XGH¶V3H&DQGDWDSRUWDO
'XH WR WKHJUHDWHUGHSWKRI WKH)RXQGDWLRQ2QH+HPH WHVWDFXWRII IRUPXWDWLRQV
EHLQJSUHVHQW LQUHDGVZDVDSSOLHG WR WKLVGDWDVHW PXWDWLRQV WKDWFRXOGKDYH
EHHQGHWHFWHGXVLQJWKHGHSWKDFKLHYHGLQWKH0\;,VWXG\(SLJHQHWLFJHQHVIURP
WKHOLVWLQ6XSSOHPHQWDU\7DEOHDQGDQDO\VHGLQWKH0\;,GDWDZKLFKZHUHDOVR
VHTXHQFHG LQ WKH 8$06 GDWDVHW DUH VKRZQ LQ 6XSSOHPHQWDU\ 7DEOH   7KLV
FRPSULVHV &RUHOLQNHU KLVWRQHV Q  KLVWRQH GHPHWK\ODVHV Q  KLVWRQH
PHWK\OWUDQVIHUDVHV Q  KLVWRQH GHDFHW\ODVHV Q  KLVWRQH DFHW\OWUDQVIHUDVHV
Q  '1$ PRGLILHUV Q  UHDGHUV Q  DQG FKURPDWLQ DVVHPEO\UHPRGHOOLQJ
Q 
7KHSHUFHQWDJHRISDWLHQWVZLWKPXWDWLRQVLQHDFKFODVVRIHSLJHQHWLFPRGLILHUZHUH
FRPSDUHG EHWZHHQ WKH 0\;, GDWDVHW DQG WKH 8$06 GDWDVHW XVLQJ WKH ]WHVW
PXOWLSOHWHVWLQJZDVFRUUHFWHGIRUXVLQJWKH%RQIHUURQLPHWKRG6LQFH&&)FRXOGQRW
EH FDOFXODWHG IRU WKH SDWLHQWV LQ WKH 8$06 GDWDVHW GXH WR WKH DEVHQFH RI FRS\


QXPEHUGDWD WKHYDULDQWDOOHOHIUHTXHQFLHVZHUHFRPSDUHGIRU WKRVHJHQHVZLWKDW
OHDVWPXWDWHGVDPSOHVLQERWKGDWDVHWV 


Results 

:KROH H[RPH VHTXHQFLQJ ZDV SHUIRUPHG RQ VDPSOHV IURP  SDWLHQWV LQ WKH
0\HORPD ;, WULDO SULRU WR WUHDWPHQW  :H LGHQWLILHG PXWDWLRQV LQ JHQHV HQFRGLQJ
HSLJHQHWLF PRGLILHUV LQ RYHU KDOI  RI SDWLHQWV   HSLJHQHWLF PRGLILHU JHQHV
ZHUHPXWDWHGLQDWOHDVW!RILQGLYLGXDOVZLWKIUHTXHQFLHVVKRZQLQ7DEOH
FDQFHUFORQDOIUDFWLRQ&&)VKRZQLQ)LJXUHDQGPXWDWLRQORFDWLRQDQQRWDWHG
LQ)LJXUHDQG6XSSOHPHQWDU\)LJXUH7KHGLVWULEXWLRQRIWKHPDLQWUDQVORFDWLRQ
VXEJURXSV NQRZQ WR GULYH P\HORPD SDWKRJHQHVLV GLG QRW GLIIHU VLJQLILFDQWO\
EHWZHHQ SDWLHQWV ZLWK DQG ZLWKRXW D PXWDWLRQ LQ DQ\ HSLJHQHWLF PRGLILHU
6XSSOHPHQWDU\)LJXUH
%HORZZHUHSRUWDGHWDLOHGDQDO\VLVRIWKHIUHTXHQF\DQGSRWHQWLDOFOLQLFDOLPSDFWRI
PXWDWLRQVLQHDFKFODVVRIHSLJHQHWLFPRGLILHU
Core and linker histone mutations: HIST1H1E is significantly mutated at myeloma 
diagnosis 

7KHJHQHHIST1H1E,ZKLFKHQFRGHVD OLQNHUKLVWRQH+SURWHLQZDV IRXQG WREH
VLJQLILFDQWO\PXWDWHG LQ WKH0\;,FRKRUWDWGLDJQRVLVZLWKPXWDWLRQV LQRI
SDWLHQWV  S[ T[ )XUWKHU DQDO\VLV UHYHDOHG UHFXUUHQW QRQ
V\QRQ\PRXVPXWDWLRQV LQRWKHUKLVWRQH IDPLO\JHQHV LQFOXGLQJHIST1H1B 
HIST1H1C DQGHIST1H1D ZLWKPXWDWLRQVLQDW
OHDVW RQHRI WKHVHJHQHV HIST1H1B-E RFFXUULQJ LQ RI SDWLHQWV 7KH
PXWDWLRQV)LJXUHDLQWKHVHJHQHVZHUHSUHGRPLQDQWO\PLVVHQVH619VDIIHFWLQJ
WKHJOREXODUGRPDLQRIKLVWRQH++,67+%(ZHUHDOLJQHG)LJXUHEZLWKVLWHV
DIIHFWHG E\ PXWDWLRQ KLJKOLJKWHG  7KHUH ZHUH  VLWHV RI UHFXUUHQW PXWDWLRQV DW
UHVLGXHVHTXLYDOHQW WRDODQLQHDQGDQG O\VLQHRI+,67+( 7KHUHZHUH


DOVRVHYHUDODGGLWLRQDOPXWDWLRQVZLWKLQWKHJOREXODUGRPDLQDFURVVYDULDQWVORFDWHG
EHWZHHQ UHVLGXHV   7KH JOREXODU GRPDLQ RI WKHVH JHQHV LV D UHJLRQ
IUHTXHQWO\PXWDWHGLQRWKHUFDQFHUVLQFOXGLQJIROOLFXODUO\PSKRPDDQGGLIIXVHODUJH%
FHOO O\PSKRPD    7KH REVHUYDWLRQV WKDW WKH PXWDWLRQV RFFXUUHG LQ D
FRQVHUYHG UHJLRQ DQG WKHUH ZHUH QR PXWDWLRQV LQ RQH NQRZQ JHQH HIST1H1A,
VXSSRUWVWKHK\SRWKHVLVWKDWWKHVHDUHQRWSDVVHQJHUPXWDWLRQVDQGPD\FDUU\VRPH
VLJQLILFDQFHWRP\HORPDSDWKRJHQHVLV
0XWDWLRQVLQHIST1H1B-E ZHUHWHVWHGIRUWKHLULPSDFWRQSURWHLQIXQFWLRQXVLQJ6,)7
DQDO\VLV7KLVDQDO\VLVZDVSRVVLEOHLQPXWDWLRQVDQGZHUHIRXQG
WREHGDPDJLQJ6XSSOHPHQWDU\7DEOH HIST1H1B-EPXWDWLRQVGLGQRWKDYHD
SURJQRVWLFLPSDFW6XSSOHPHQWDU\)LJXUH
&&) DQDO\VLV VKRZHG HIST1H1E DQG HIST1H1C PXWDWLRQV WR EH KLJKO\ FORQDO
)LJXUH  VXJJHVWLQJ WKH\ DUH HLWKHU DFTXLUHG HDUO\ LQ FORQDO GHYHORSPHQW RU
VHOHFWHG IRU DW SURJUHVVLRQ WR V\PSWRPDWLF GLVHDVH EXW QHYHUWKHOHVV SOD\ DQ
LPSRUWDQWUROHLQP\HORPDSDWKRJHQHVLVLQWKHVHSDWLHQWV
0XWDWLRQV ZHUH DOVR VHHQ LQ WKH FRUH KLVWRQH SURWHLQV $   SDWLHQWV
RQH IUDPHVKLIW PXWDWLRQ UHPDLQGHU PLVVHQVH 619V %   RQH
IUDPHVKLIW PXWDWLRQ UHPDLQGHU PLVVHQVH 619V    RQH IUDPHVKLIW
RQHQRQVHQVHUHPDLQGHUPLVVHQVH619VDQGDOOPLVVHQVH619V
EXWZLWKDORZIUHTXHQF\RIPXWDWLRQLQHDFKIDPLO\PHPEHUZLWKQRLQGLYLGXDOJHQH
EHLQJPXWDWHG LQPRUH WKDQSDWLHQWV 7KH WRWDOQXPEHURISDWLHQWVKDUERXULQJD
PXWDWLRQLQDQ\KLVWRQHSURWHLQOLQNHURUFRUHZDVZLWKWKHSUHVHQFH
RUDEVHQFHRIDQ\PXWDWLRQKDYLQJQRHIIHFWRQSURJUHVVLRQRUVXUYLYDO


Histone modifier mutations: Mutations/deletions in KDM6A/UTX may shorten overall 
survival from diagnosis. 
 a) Methylation modifiers 

3RWHQWLDOO\GHOHWHULRXVPXWDWLRQVLQKLVWRQHPHWK\OWUDQVIHUDVHGHPHWK\ODVHHQ]\PHV
ZHUH IRXQG LQ   RI SDWLHQWV WKRXJK WKH SHUFHQWDJH ZLWK HDFK JHQH
PXWDWHG ZDV ORZ )LJXUH   7KH PRVW IUHTXHQWO\ PXWDWHG JHQH IDPLO\ LQ WKH
PHWK\OWUDQVIHUDVHVZDV MLL/2/3/4/5 RI SDWLHQWV  %\ JHQH MLL 
 MLL2   MLL3   MLL4   DQG MLL5 
 EXW QR UHFXUUHQW PXWDWLRQV ZHUH VHHQ DFURVV YDULDQWV  2I  PXWDWLRQV
DFURVV WKHSDWLHQWVZHUHPLVVHQVH619VQRQVHQVH619VVSOLFHVLWH
619VDQGIUDPHVKLIWPXWDWLRQ$VLQRWKHUGLVHDVHVPXWDWLRQVLQ0//IDPLO\JHQHV
DUH ZLGHO\ GLVWULEXWHG DFURVV WKH JHQHV ZLWK QR FRQVHUYHG VLWHV RU UHJLRQV RI
PXWDWLRQ 6XSSOHPHQWDU\ )LJXUH   7KH PDMRULW\ RI PXWDWLRQV LGHQWLILHG LQ RXU
SDWLHQWVZHUHQRYHOEXWWKRVHSUHYLRXVO\LGHQWLILHGLQRWKHUGLVHDVHVLQFOXGHGRQHLQ
MLL3S54HQGRPHWULDODQGLQMLL4S5ODUJHLQWHVWLQH7KH
SUHVHQFH RI 0// IDPLO\ PXWDWLRQV LQ P\HORPD SDWLHQWV GLG QRW KDYH DQ HIIHFW RQ
SURJUHVVLRQIUHHRURYHUDOOVXUYLYDO
1RPXWDWLRQVLQWKH+.PHWK\OWUDQVIHUDVHEZH2 ZHUHGHWHFWHGLQFRQWUDVWWRWKH
ILQGLQJ RI UHFXUUHQW PXWDWLRQV LQ RWKHU % FHOO PDOLJQDQFLHV  7KHUH ZHUH RQO\ 
SDWLHQWVZLWKPXWDWLRQVDIIHFWLQJWKH+.PHWK\OWUDQVIHUDVH006(7ZLWKQRQHRI
WKH MMSET DFWLYDWLQJ PXWDWLRQV DW S(. SUHYLRXVO\ LGHQWLILHG LQ 006
P\HORPD FHOO OLQH VHHQ  EHMT2 WKH JHQH HQFRGLQJ WKH +.
PHWK\OWUDQVIHUDVH*DZDVPXWDWHGLQSDWLHQWVDOOPLVVHQVHPXWDWLRQV
ZLWK RQH LQ WKH 6(7 GRPDLQ S<) DQG RQH LQ WKH DQN\ULQ UHSHDW µUHDGHU¶
GRPDLQS(.6XSSOHPHQWDU\)LJXUH


7KH PRVW IUHTXHQWO\ PXWDWHG GHPHWK\ODVH JHQH ZDV KDM3B,   RI
SDWLHQWV ZLWK WZR VSOLFH VLWH PXWDWLRQV RQH QRQVHQVH PXWDWLRQ DQG  PLVVHQVH
PXWDWLRQV QRQH RI ZKLFK KDYH EHHQ SUHYLRXVO\ LGHQWLILHG LQ RWKHU FDQFHUV LQ WKH
&260,&GDWDEDVH7KHSULPDU\VLWHRIDFWLRQRI.'0%LV+.DQGGHOHWLRQVRI
WKLV JHQH KDYH EHHQ LPSOLFDWHG LQ P\HORG\VSODVWLF V\QGURPH DVVRFLDWHG ZLWK T

KDM6A/UTX PXWDWLRQV ZHUH VHHQ LQ   RI SDWLHQWV ZHUH DOO PLVVHQVH
PXWDWLRQVDQGZHUHKLJKO\FORQDO)LJXUHS5.KDGEHHQSUHYLRXVO\LGHQWLILHG
LQOXQJFDQFHUS4+LQJDVWULFDGHQRFDUFLQRPDZKLOVWDQRWKHUS*$
RFFXUUHG DW WKH VDPH UHVLGXH DV WKH S*' PXWDWLRQ SUHYLRXVO\ LGHQWLILHG LQ WKH
230 P\HORPD FHOO OLQH   )XUWKHU DQDO\VLV RI WKLV JHQH IRU ZKROH H[RQLF
GHOHWLRQV LQFUHDVHG WKH QXPEHU RI SDWLHQWV DIIHFWHG E\ D SRWHQWLDOO\ LQDFWLYDWLQJ
OHVLRQWR 3DWLHQWVZLWKDKDM6APXWDWLRQRUGHOHWLRQKDGDUHGXFHG
RYHUDOO VXUYLYDO 26 FRPSDUHG WR ZLOG W\SH RQ XQLYDULDWH DQDO\VLV )LJXUH $
PHGLDQVQRWUHDFKHG ORJUDQNS SHUFHQWDOLYHDW\HDUV&,
YV&,ZLWKDVLPLODUWUHQGIRUSURJUHVVLRQIUHHVXUYLYDO3)6
b) Acetylation modifiers 

7KH PRVW IUHTXHQWO\ PXWDWHG JHQH HQFRGLQJ D KLVWRQH DFHW\OWUDQVIHUDVH +$7 RU
GHDFHW\ODVH +'$& ZDV WKH +$7 EP300 PXWDWHG LQ   RI SDWLHQWV
0XWDWLRQV LQ WKLV JHQH KDYH EHHQ SUHYLRXVO\ LGHQWLILHG LQ D QXPEHU RI RWKHU
PDOLJQDQFLHV LQFOXGLQJ '/%&/ ZKHUH WKH\ DUH PRVW FRPPRQO\ IRXQG LQ WKH +$7
HQ]\PDWLF GRPDLQ 2QH IUDPHVKLIW GHOHWLRQ S6IV DQG RQH QRQVHQVH
PXWDWLRQS4DUHOLNHO\WRUHVXOWLQDQDEVHQFHRIIXQFWLRQDOSURWHLQ2IWKH
PLVVHQVHPXWDWLRQVRQHRFFXUV LQ WKHDFWLYH+$7GRPDLQ S36DQGVRPD\


GLUHFWO\ DIIHFW WKH FDWDO\WLF IXQFWLRQ RI WKH SURWHLQ ZKLOVW RQH LQ WKH EURPRGRPDLQ
S9/DQGWZRLQWKH]LQFILQJHUELQGLQJGRPDLQS73S*3PD\VWLOO
KDYHVLJQLILFDQWHIIHFWVRQWKHSURWHLQIXQFWLRQE\DIIHFWLQJWDUJHWELQGLQJ0XWDWLRQV
LQ &5(%%3 D FORVHO\ UHODWHG PHPEHU RI WKH .$7 IDPLO\ RI KLVWRQH
DFHW\OWUDQVIHUDVHVZHUHDOVRIRXQGLQSDWLHQWV2QHPXWDWLRQS54RFFXUVDW
WKHVDPHDPLQRDFLGDVWKHS5PXWDWLRQVHHQLQVHYHUDOGLVHDVHVLQFOXGLQJ%
1+/(3&5(%%3KDYHDZLGHUDQJHRIWDUJHWVDQGDUHDEOHWRDFHW\ODWH
DOO IRXU KLVWRQHV DV ZHOO DV EHLQJ LQYROYHG LQ PDQ\ FHOOXODU SURFHVVHV OLQNHG WR
FDQFHUVXFKDVFHOOF\FOHSURJUHVVLRQSDFWLYLW\'1$UHSDLUDQGDSRSWRVLV
7KHUHZHUHQRJHQHVHQFRGLQJKLVWRQH UHDGHUSURWHLQV WKDWZHUHPXWDWHG LQPRUH
WKDQRISDWLHQWVDWGLDJQRVLV
DNA methylation modifier mutations: Mutations in DNA methylation modifiers are 
associated with a shorter overall survival from diagnosis. 

'1$ PHWK\ODWLRQ PRGLILHUV ZHUH PXWDWHG LQ   RI SDWLHQWV DW GLDJQRVLV
7KLVLQFOXGHGVSHFLILFPXWDWLRQVSUHYLRXVO\UHSRUWHGLQQXPHURXVWXPRXUW\SHVVXFK
DVS5& LQ IDH1SUHYLRXVO\ UHSRUWHG LQJOLRPDFKRQGURVDUFRPDDQG$0/
DQGS5:LQIDH2 DQGS&<DQGS<LQTET2SUHYLRXVO\UHSRUWHG
LQ $0/0'6  DQG S(. LQ '107$ SUHYLRXVO\ UHSRUWHG LQ ELOLDU\ WUDFW
WXPRXUV   $ PXWDWLRQ ZDV DOVR VHHQ DW S(. LQ '107$ WKH VLWH RI
UHFXUUHQW PXWDWLRQ LQ $0/ DQG 031V S( DQG S(IV &ROOHFWLYHO\
PXWDWLRQV LQ DQ\ '1$ PHWK\ODWLRQ PRGLILHU TET1/2/3 Q  IDH1/2 Q  RU
DNMT1/3A/B Q ZHUHDVVRFLDWHGZLWKDVKRUWHU26RQXQLYDULDWHDQDO\VLV)LJXUH
%PHGLDQVQRWUHDFKHGS DOLYHDW\HDUV&,YV
&,7KHUHZDVQRVLJQLILFDQWHIIHFWRI3)67KLVHIIHFWRQ26ZLWKQR
HIIHFWRQ3)6LVH[SODLQHGE\DVLJQLILFDQWO\VKRUWHQHGSRVWSURJUHVVLRQVXUYLYDOIRU


SDWLHQWV ZLWK PXWDWLRQV LQ '1$ PHWK\ODWLRQ PRGLILHUV FRPSDUHG WR WKRVH ZLWKRXW
S ORJUDQNWHVWGDWDQRWVKRZQ
Chromatin remodelling complex mutations 

7KHPRVWIUHTXHQWO\PXWDWHGJHQHVLQYROYHGLQFKURPDWLQUHPRGHOOLQJZHUHCHD4LQ
DOOPLVVHQVHRISDWLHQWVDQGCHD2LQRQHIUDPHVKLIWVL[
PLVVHQVH  %RWK DUH PHPEHUV RI WKH QXFOHRVRPH UHPRGHOOLQJ DQG GHDFHW\ODVH
FRPSOH[1X5'7KLVKLJKOLJKWVWKHSRWHQWLDOUROHRIWKH1X5'FRPSOH[LQP\HORPD
SDWKRJHQHVLVKRZHYHU LWVDFWLRQPD\QRWEHHQWLUHO\HSLJHQHWLFDVLWKDVDOVREHHQ
UHFHQWO\QRWHGWKDW&+'PD\DOVRKDYHUROHVLQ'1$GDPDJHUHSDLUDQGFHOOF\FOH
SURJUHVVLRQLQGHSHQGHQWRIWKH1X5'FRPSOH[DQGHSLJHQHWLFDFWLYLW\
2WKHU UHPRGHOOLQJ JHQHV PXWDWHG LQ PRUH WKDQ  RI SDWLHQWV LQFOXGH ARID1A
HQFRGLQJ %$) D LQ    QRQVHQVH DQG  PLVVHQVH DQG ARID2
HQFRGLQJ%$) LQ QRQVHQVH VSOLFH VLWH PLVVHQVH 7KHLU
JHQH SURGXFWV DUH SDUW RI LQ WKH 6:,61) VXFURVH QRQIHUPHQWLQJ VZLWFK QRQ
IHUPHQWLQJ UHPRGHOOLQJ FRPSOH[ DQG DUH UHVSRQVLEOH IRU LWV LQWHUDFWLRQ ZLWK '1$
0XWDWLRQV LQ JHQHV HQFRGLQJ PHPEHUV RI WKLV FRPSOH[ KDYH EHHQ SUHYLRXVO\
GHPRQVWUDWHG WR EH UHFXUUHQWO\ PXWDWHG LQ ERWK VROLG WXPRXUV DQG KDHPDWRORJLF
PDOLJQDQFLHV LQ XS WR  RI FDQFHU SDWLHQWV RYHUDOO   7KH PHFKDQLVPV
EHKLQG WKLV KDYH \HW WR EH IXOO\ HOXFLGDWHG DQG LQ GLIIHUHQW GLVHDVHV KDV EHHQ
VXJJHVWHG WR EH UHODWHG WR WKH UROH RI WKH 6:,61) FRPSOH[ LQ '1$ GDPDJH
UHSDLU QXFOHRVRPH SRVLWLRQLQJ '1$VH K\SHUVHQVLWLYLW\ VLWHV WKH UHJXODWLRQ RI
GHYHORSPHQWDO JHQH H[SUHVVLRQ DQGRU WKH LQWHUDFWLRQ RI WKH FRPSOH[ ZLWK ERWK
KLVWRQHDQG'1$PRGLILHUV:HIRXQGSUHYLRXVO\LGHQWLILHGPXWDWLRQVDWS0,
LQ$5,'$VHHQ LQ UHQDOFHOOFDUFLQRPDDWS4 LQ$5,'VHHQ LQELOLDU\
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
WUDFWFDUFLQRPDDQGPHODQRPDS4LQ$5,'VHHQLQVTXDPRXVFHOO
FDUFLQRPD  DQG S$6 LQ $5,' VHHQ UHFXUUHQWO\ LQ KHDG DQG QHFN
FDUFLQRPD
Survival analysis 

)RU HDFK FODVV RI HSLJHQHWLF PRGLILHU WKH SURJUHVVLRQIUHH DQG RYHUDOO VXUYLYDO IRU
WKRVHSDWLHQWVZLWKDPXWDWLRQLQDQ\JHQHZLWKLQWKHFODVVZHUHFRPSDUHGWRWKRVH
SDWLHQWVZLWKRXW,QDGGLWLRQWKRVHSDWLHQWVZLWKPXWDWLRQVRILQWHUHVWZHUHFRPSDUHG
WR WKRVHZLWKRXW LQ WKH IROORZLQJFDVHVKDM6APXWDWLRQVRUGHOHWLRQV0// IDPLO\
JHQHPXWDWLRQVDQG+LVWRQH IDPLO\JHQHPXWDWLRQV $QHIIHFWRQRYHUDOOVXUYLYDO
ZDVIRXQGRQXQLYDULDWHDQDO\VLVIRUKDM6APXWDWLRQVGHOHWLRQVDQG'1$PRGLILHU
PXWDWLRQVDVGHVFULEHGDERYH 0XOWLYDULDWHDQDO\VLVXVLQJDFR[UHJUHVVLRQPRGHO
ZDVWKHUHIRUHFDUULHGRXWFRQVLGHULQJRWKHUIDFWRUVNQRZQWRKDYHDQDGYHUVHHIIHFW
RQRYHUDOOVXUYLYDOSUHVHQFHRIDQDGYHUVHWUDQVORFDWLRQWWRUW
GHOSJDLQRUDPSOLILFDWLRQRITLQWHUQDWLRQDOVWDJLQJVFRUHDQGDJH!,QWKLV
PRGHO'1$PRGLILHUPXWDWLRQVLQDGGLWLRQWRGHOS,66DQGJDLQRUDPSOLILFDWLRQRI
TUHPDLQHGVLJQLILFDQWEXWQRW.'0$PXWDWLRQVGHOHWLRQV6XSSOHPHQWDU\7DEOH

The frequency of mutations in epigenetic modifiers increases following treatment 

/RQJLWXGLQDO LQYHVWLJDWLRQVDUHSODQQHG IRU WKHSDWLHQWV LQ WKH8.0\HORPD;, WULDO
EXWDWSUHVHQWWKHPDMRULW\UHPDLQLQUHPLVVLRQ7KHUHIRUHLQRUGHUWRVWXG\WKHOLNHO\
GLIIHUHQFHV LQ WKH IUHTXHQF\ RI PXWDWLRQV LQ HSLJHQHWLF PRGLILHUV DV GLVHDVH
SURJUHVVHVZHXWLOLVHGDYDLODEOHGDWDIRUDVHULHVRISUHYLRXVO\WUHDWHGP\HORPD
SDWLHQWV IURP WKH 8QLYHUVLW\ RI $UNDQVDV IRU 0HGLFDO 6FLHQFHV 8$06 ZKR
XQGHUZHQWWDUJHWHGVHTXHQFLQJ'XHWRWKHGLIIHUHQWPHWKRGVXVHGZHUHVWULFWHGRXU
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
FRPSDULVRQ WR RQO\ WKRVH HSLJHQHWLF PRGLILHU JHQHV WKDW KDYH EHHQ VHTXHQFHG LQ
ERWKVWXGLHV 6XSSOHPHQWDU\7DEOH5HVXOWVDUH VXPPDULVHG LQ)LJXUH$DQG
6XSSOHPHQWDU\ 7DEOH  DQG VKRZ DQ LQFUHDVH LQ WKH QXPEHU RI SDWLHQWV ZLWK D
PXWDWLRQ LQ DQ\ HSLJHQHWLF PRGLILHU LQ VDPSOHV WDNHQ DW ODWHU VWDJHV RI GLVHDVH
7KHUHLVDVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQWKHQXPEHURISDWLHQWVZLWKDPXWDWLRQ
LQDQ\KLVWRQHPHWK\OWUDQVIHUDVHJHQH0\;,YV8$06
RUDQ\'1$PHWK\ODWLRQPRGLILHU0\;,YV8$06DQGD
QRWDEOHLQFUHDVHLQKLVWRQHDFHW\OWUDQVIHUDVHJHQHPXWDWLRQV0\;,YV
  8$06  7KHVH FKDQJHV DSSHDU WR EH WKH UHVXOW RI LQFUHDVHV LQ
PXWDWLRQVLQMLL2MLL3SETD2CREBBPDNMT3ADQGTET2)LJXUH%
7KHYDULDQWDOOHOHIUHTXHQF\ZDVFRPSDUHGEHWZHHQWKH0<;,DQG8$06VDPSOHV
6XSSOHPHQWDU\ )LJXUH  ZLWK QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV VHHQ  $Q
DQDO\VLV RI WKH GLVWULEXWLRQ RI PXWDWLRQV DFURVV ULVN JURXSV DV GHILQHG E\ JHQH
H[SUHVVLRQ SURILOH ULVN VFRUH *(3 6XSSOHPHQWDU\ )LJXUH  DQG 8$06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LGHQWLILHG S$3 LQ WKH 0\;, GDWDVHW DQG S36 LQ D O\PSKRLG QHRSODVP
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LQP\HORPDVXJJHVWHGE\WKH0\;,DQDO\VLV5HFXUUHQWPXWDWLRQVZHUHDOVRVHHQLQ
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Discussion 
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:HUHSRUWPXWDWLRQVZLWKLQJHQHVHQFRGLQJHSLJHQHWLFPRGLILHUVLQP\HORPDZLWKDQ
LPSDFW RQ SDWKRORJ\ DQG VXUYLYDO DW GLDJQRVLV DQG DQ LQFUHDVHG IUHTXHQF\ DIWHU
WUHDWPHQW7KHVSHFWUXPRIPXWDWLRQVLQP\HORPDLVEURDGZLWKQRVLQJOHHSLJHQHWLF
PRGLILHUEHLQJPXWDWHG LQ D ODUJHSURSRUWLRQRISDWLHQWV 6HYHUDO RI WKHPXWDWLRQV
LGHQWLILHG KDYH EHHQ SUHYLRXVO\ UHODWHG WR FDQFHU SDWKRJHQHVLV DQGRU PD\ RSHQ
SRVVLELOLWLHV IRU WDUJHWHG WUHDWPHQW VWUDWHJLHV IRU VXEJURXSV RI SDWLHQWV 7KLV ZRUN
FKDQJHV RXU XQGHUVWDQGLQJ RI WKH HSLJHQHWLF ODQGVFDSH RI P\HORPD H[SRVLQJ D
ZLGHU VSHFWUXP RI HSLJHQHWLF SURFHVVHV WKDQ SUHYLRXVO\ UHFRJQLVHG WKDW PD\ EH
DOWHUHGLQODUJHQXPEHUVRISDWLHQWVDIIHFWLQJGLVHDVHELRORJ\DQGRXWFRPH
2QH RI RXU NH\ ILQGLQJV LV WKH VLJQLILFDQW PXWDWLRQ RI HIST1H1E DQG VLPLODU
PXWDWLRQVDFURVV+LVWRQHIDPLO\JHQHVLQGLDJQRVWLFVDPSOHV+LVWRQH+DFWVWR
FRQWUROWKHKLJKHURUGHUVWUXFWXUHRIFKURPDWLQE\VSDFLQJQXFOHRVRPHVDQGKROGLQJ
'1$LQSODFHDVLWZLQGVDURXQGHDFKQXFOHRVRPHRFWDPHU,WKDVWKHUHIRUHEHHQ
VXJJHVWHGWRDIIHFWJHQHWUDQVFULSWLRQYLDWKHPRGXODWLRQRIWKHDFFHVVLELOLW\RI'1$
WRWUDQVFULSWLRQIDFWRUV0XWDWLRQVLQWKHKLVWRQH+IDPLO\JHQHVKDYHEHHQIRXQGLQ
RWKHUKDHPDWRORJLFDOPDOLJQDQFLHVLQFOXGLQJIROOLFXODUO\PSKRPDDQGGLIIXVHODUJH%
FHOO O\PSKRPD   ,Q IROOLFXODU O\PSKRPD WKHVH ZHUH DOVR QRWHG WR EH
SUHGRPLQDQWO\ LQ WKH JOREXODU GRPDLQ DQG RQH VXFK PXWDWLRQ 6HU3KH ZDV
IXQFWLRQDOO\ GHPRQVWUDWHG WR DIIHFW LPSDLUHG DELOLW\ RI KLVWRQH + WR DVVRFLDWH ZLWK
FKURPDWLQ 7KLV LV FORVH WR VHYHUDO VLWHV RI PXWDWLRQ LGHQWLILHG LQ RXU VWXG\
EHWZHHQUHVLGXHV0RUHUHFHQWO\KLVWRQH+KDVDOVREHHQVKRZQWRSOD\
DUROHLQUHJXODWLQJ'1$PHWK\ODWLRQYLD'107DQG'107%ELQGLQJDQGDOWHULQJ
+.PHWK\ODWLRQE\DIIHFWLQJELQGLQJRI WKHPHWK\OWUDQVIHUDVHV6(7 ,W
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PLJKW WKHUHIRUH EH SRVWXODWHG WKDW LW LV YLD WKHVH PHFKDQLVPV WKDW PXWDWLRQV LQ
KLVWRQH+PD\KDYHDQRQFRJHQLFHIIHFW$QDO\VLVRISDLUHGVDPSOHPXWDWLRQDQG
'1$PHWK\ODWLRQDQDO\VLVZLOOIXUWKHULQIRUPWKLVK\SRWKHVLV
HIST1H1E DQG HIST1H1C PXWDWLRQV DORQJ ZLWK KDM6A DQG ARID2 ZHUH KLJKO\
FORQDO VXJJHVWLQJ WKH\ PD\ EH DFTXLUHG HDUO\ LQ SDWKRJHQHVLV RU VHOHFWHG IRU DW
SURJUHVVLRQ WR V\PSWRPDWLF GLVHDVH 2XU DQDO\VLV HVWLPDWHV &&) XVLQJ D PHWKRG
WKDW FRUUHODWHV ZHOO ZLWK VLQJOH FHOO DQDO\VLV UHVXOWV KRZHYHU LQ FHUWDLQ VLWXDWLRQV
FRS\ QXPEHU DOWHUDWLRQV RU SRO\FORQDOLW\ PD\ \LHOG DQRPDORXV &&) HVWLPDWHV IRU
LQGLYLGXDO PXWDWLRQV )XWXUH LPSURYHPHQWV LQ WHFKQLTXHV IRU FDOFXODWLQJ &&) PD\
IXUWKHULQIRUPWKHVHUHVXOWV
2XU DQDO\VLV LGHQWLILHV  RI SDWLHQWV DW GLDJQRVLV ZLWK D SRWHQWLDOO\ LQDFWLYDWLQJ
OHVLRQ LQ KDM6A/UTX  7KLV LV ORZHU WKDQ WKH IUHTXHQF\ RI PXWDWLRQV SUHYLRXVO\
LGHQWLILHG  DQG RIWHQ UHSRUWHG RI    7KLV SUHYLRXV DQDO\VLV KRZHYHU
LQFOXGHGFHOOOLQHVDQGZKHQWKHVHDUHUHPRYHGDQGRQO\SDWLHQWVDPSOHVIURPWKH
DQDO\VLVFRQVLGHUHG WKHSHUFHQWDJHZLWKD OHVLRQ IDOOV WRLQNHHSLQJZLWK
RXUVWXG\
7KH 0\HORPD ;, VWXG\ SDLUV PXWDWLRQ DQG RXWFRPH GDWD JLYLQJ XV WKH ILUVW
RSSRUWXQLW\ WR H[SORUH DQ\ SRVVLEOH DVVRFLDWLRQ EHWZHHQ HSLJHQHWLF PRGLILHU
PXWDWLRQVDQGRXWFRPH  ,QGLYLGXDOHSLJHQHWLFPRGLILHUJHQHVDUHPXWDWHG LQVPDOO
QXPEHUV RI SDWLHQWV DQG VR WKH VL]H RI RXU GDWDVHW OLPLWV WKH SRZHU WR GHWHFW DQ\
VSHFLILFJHQHHIIHFWV:HWKHUHIRUHJURXSHGPXWDWLRQVJURXSVDVGHILQHGDERYH
DQG RQ XQLYDULDWH DQDO\VLV LGHQWLILHG D GHWULPHQWDO HIIHFW RQ RYHUDOO VXUYLYDO RI
.'0$PXWDWLRQGHOHWLRQ/RJUDQNS DQG'1$PHWK\ODWLRQPRGLILHUV/RJ
UDQNS ,ID%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJZHUHDSSOLHGWRWKLVGDWD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WKHSYDOXHVREWDLQHGZRXOGIDOODERYHWKHOHYHOFRQVLGHUHGVLJQLILFDQWKRZHYHUWKLV
DUELWUDU\FXWRIIPD\PLVVDFOLQLFDOO\PHDQLQJIXOHIIHFW)XUWKHULQYHVWLJDWLRQLQIXWXUH
VWXGLHV ZLOO KHOS WR FODULI\ WKLV 1RWDEO\ WKH HIIHFW RI '1$ PHWK\ODWLRQ PRGLILHU
PXWDWLRQVRQRYHUDOOVXUYLYDOZLWKVWRRGPXOWLYDULDWHDQDO\VLVDQGLQ ODUJHUFRKRUWV LW
ZRXOGEHRI LQWHUHVW WR LQYHVWLJDWH WKH LQGHSHQGHQWDVVRFLDWLRQRIPXWDWLRQVZLWKLQ
WKLVDQGRWKHUJURXSVRQRXWFRPHV0\HORPDLVSDUWRIDVSHFWUXPRIPDOLJQDQFLHV
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GLIIHUHQWSDWWHUQVDUHVHHQGHSHQGHQWXSRQWKHELRORJ\RIWKHSRSXODWLRQH[DPLQHG
5HFXUUHQWPXWDWLRQV LQHIST1H1MLLDQGEZHJHQHIDPLOLHVKDYHEHHQLGHQWLILHG
LQ GLIIXVH ODUJH % FHOO O\PSKRPD DQG IROOLFXODU O\PSKRPD   :H VKRZ WKDW
HIST1H1 DQG MLL PXWDWLRQV DUH VHHQ LQ P\HORPD DOWKRXJK DW D PXFK ORZHU
IUHTXHQF\ZKHUHDVEZH2PXWDWLRQVDUHQRWVHHQVXJJHVWLQJDGLIIHUHQWSDWKRJHQLF
PHFKDQLVP 7KHGLIIHUHQWVSHFWUXPRIHSLJHQHWLFPXWDWLRQV LVPRUHPDUNHGZKHQ
ZH FRPSDUH O\PSKRLG WR P\HORLG GLVHDVHV VXFK DV DFXWH P\HORLG OHXNDHPLD
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GLDJQRVLV RU DW UHODSVH  )RU H[DPSOH SDWLHQWV ZLWK D KDM6A/UTX PXWDWLRQ RU
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